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ABSTRACT
ASSESSMENT OF THE ECONOMIC AND ECOSYSTEM SERVICE
CONTRIBUTIONS OF USDA FOREST SERVICE LANDOWNER ASSISTANCE
PROGRAMS IN THE CONTERMINOUS UNITED STATES
FEBRUARY 2022
JACQUELINE DIAS, B.S., UNIVERSITY OF MASSACHUSETTS AMHERST
M.S., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Brett Butler

Forests provide immense goods and services to both local and regional
communities. The USDA Forest Service’s, State and Private Forestry program administer
multiple landowner assistance programs aimed at helping private forest owners while
supporting the continued supply of ecosystem services (e.g., timber harvesting,
recreation, carbon sequestration and storage). The two landowner assistance programs
assessed in this study are the Forest Legacy Program (FLP) and the Forest Stewardship
Program (FSP). A majority of the nation’s forests are privately owned, many of which are
facing deleterious impacts like wildfires, invasive species, development pressures, and
other adverse effects from climate change. The goal of this project is to (1) quantify the
economic contributions emanating from lands participating in FLP and FSP in the
conterminous US and (2) quantify and value the carbon sequestration on lands
participating in FLP and FSP in New England. IMPLAN is an input-output modeling
system, used in Chapter 1, that estimates how money flows through a regional economy.
The results from the IMPLAN analysis suggest that FLP lands in the conterminous US
contribute an estimated 4,560 jobs and $306.8 million in value-added from timber
harvesting and recreation. Further, FSP lands contribute an estimated 27,700 jobs and
iv

$1.8 billion in value added from timber harvesting and recreation. Using Forest Inventory
and Analysis carbon sequestration data and the social cost of carbon, the results of
chapter 2 suggest that, in New England, FLP lands sequester 147,000 metric tons of CO2,
or $7.5 million in aboveground CO2, per year. FSP lands in New England are estimated
to sequester 82,000 metric tons of CO2, or $4.1 million in CO2, per year. Quantifying and
estimating the economic and ecosystem service contributions emanating from lands
participating in FLP and FSP provide a framework for understanding the total benefits
associated with these programs (e.g., supporting rural economies, impacting climate
change and the global carbon network, etc.).
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CHAPTER 1
Assessment of the Economic Contributions of USDA Forest Service Landowner
Assistance Programs in the Conterminous United States

1.1 Abstract
The USDA Forest Service’s, State and Private Forestry program administers
multiple landowner assistance programs to assist private forest owners, including the
Forest Legacy Program (FLP) and the Forest Stewardship Program (FSP). Through
collaborations with state forestry agencies and other partners, these programs aim to
conserve working forests and increase sustainable management to help ensure the
continued supply of ecosystem services (e.g., carbon sequestration, recreation, timber
harvesting, and cultural benefits). Private forests, which account for 60% of the
forestland in the United States, are integral to the supply of ecosystem services. Many of
these lands are facing challenges from development pressures, wildfires, invasive species,
and other vectors that are having deleterious impacts. The goal of this project is to
quantify the economic contributions emanating from forested lands participating in FLP
and FSP in the conterminous U.S. IMPLAN is the modeling system used to generate
these estimates. IMPLAN is an input/output modeling system that assesses how
economic contributions from timber harvesting, recreational spending, and other
activities flow through regional economies. Currently, in the conterminous United States,
there are 2.7 million acres participating in FLP and 16.6 million acres in FSP. The results
suggest that FLP lands in the conterminous United States contribute an estimated 4,560
jobs and $306.8 million in value-added from timber harvesting and recreation while FSP
lands contribute an estimated 27,700 jobs and $1.8 billion in value-added from direct
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expenditures. Quantifying and estimating economic contributions of properties
participating in landowner assistance programs provides a framework for understanding
how they can continue to support rural economies and the supply of ecosystem services.
2.4 Introduction
The majority of America’s forests are privately owned (Butler et al., 2021).
Specifically, of the estimated 703 million acres of forestland throughout the United
States, 420 million acres are privately owned (Butler et al., 2021). Forested lands provide
many benefits including timber harvesting and recreation, as well as some non-use, or
non-extractive, benefits like carbon sequestration, air purification, habitat, and water
filtration (MEA, 2005). Forests are beneficial for rural communities whose economy
often relies on forest activities like timber and recreation. However, some private forest
owners describe facing pressures related to owning parcels of forested land including
financial restrictions, like high taxes, fragmentation, development pressures, and legacy
planning (Sanborn-Stone and Tyrrell, 2012; Butler et al. 2016; Markowski-Lindsay et al.,
2017a; Markowski-Lindsay et al., 2017b). Often times, it may be easier to sell land, or
subdivide it, when faced with development pressures or other impacts like disease or
wildfire. These deleterious impacts can reduce the contributions forests can make to the
communities in which they lie and to the landowner. The United States Department of
Agriculture (USDA) Forest Service, State and Private Forest Deputy Area administers a
variety of landowner assistance programs for landowners who wish to keep their forests
intact and improve the stewardship of their land (USDA Forest Service, 2011). The two
landowner assistance programs assessed in this study are the Forest Legacy Program
(FLP) and the Forest Stewardship Program (FSP).

2

The USDA Forest Service, in partnership with state agencies, administers FLP.
FLP was created as a part of the 1990 Farm Bill and is funded by the Land and Water
Conservation Fund. FLP provides funding for conservation through either fee-simple
land purchases or conservation easements for protecting private forests that are at risk of
conversion to non-forest uses (USDA Forest Service, 2017). Fee-simple land purchases
work similarly to a conservation easement (i.e., where a landowner sells or donates the
development rights to the property), but the grantor (i.e., landowner) sells the entire title,
or “bundle-of-rights” to the grantee (i.e., state agency) permanently (Lippmann, 2004;
Merelender et al., 2004). FLP funds up to 75% of the cost of the project, requiring the
rest to come from non-federal sources (USDA Forest Service, 2017). Because FLP is
aimed at protecting working forests, the forests in these projects are set up to be
sustainably harvested in perpetuity (USDA Forest Service, 2017). Lands participating in
FLP must have a multi-resource management plan, which not only addresses traditional
forest management practices, but also benefits like recreation, water quality and others
(USDA Forest Service, 2017).
Working forest conservation easement programs, like FLP, provide an avenue for
a sustained economic flow for the communities they are in (Tesini, 2009). Conservation
easements, for family forest landowners (a sub-group of private landowners), are also an
effective legacy planning tool to ensure the forest is kept intact in perpetuity (MarkowskiLindsay et al., 2017b; Markowski-Lindsay et al., 2018; Ma & Kittredge, 2011). In
regards to activities on forested land, Song et al. (2014) found that conservation
easements have a strong relationship with the adoption of a forest management plan
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among family forest landowners. Therefore, protecting forestland by prohibiting land use
change does not significantly affect timber production (Song et al., 2014).
FSP is a grant program that allocates federal funding to state agencies to assist
landowners with forest management (USDA Forest Service, 2009). FSP is targeted
toward nonindustrial private forest owners, which are legislatively defined as rural lands
with forest cover and owned by private individuals, groups, associations, corporations,
Indian tribes or other legal entities that do not own primary wood processing facilities
(USDA Forest Service, 2009). The goal of FSP is “to encourage the long-term
stewardship of nonindustrial private forest lands by assisting owners of such lands to
more actively manage their forest and related resources by utilizing existing state, federal,
and private sector resource management expertise and assistance programs” (USDA
Forest Service, 2011).
It has been disputed, however, if the FSP is actively assisting those individuals
who would otherwise not participate in active management (Butler et al., 2014;
Andrejczk, 2016). Andrejczyk et al. (2016) found, in focus group interviews with family
forest owners who had participated in FSP, that education and advice for landowners was
the most impactful for those who participated in the program. Further, they suggested that
management plans were something landowners did to “keep you on track” with
management (Adrejczyk et al., 2016). Kilgore et al. (2015), however, found that assisted
landowners (e.g., forest management plan, received advice or cost-share assistance) were
more likely to participate in forest management activities (e.g., harvest timber and
improve wildlife habitat) than unassisted landowners.
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FSP varies widely by state and is heavily dependent on the specific state’s forest
action plan (Butler et al., 2014). While suggesting maintaining state-level flexibility of
FSP, Butler et al. (2013) acknowledge it may undermine the ability to consistently collect
data for national-level analyses on program monitoring and evaluation. In an effort to
alleviate this issue, they suggest improving state-level data collection by establishing
landowner databases based on education or other technical assistance methods (Butler et
al., 2013). As of this study, however, federal agencies have not made advancements in
data collection per participant, apart from the state-level Stewardship Mapping and
Reporting Tool (SMART) which is used for plan monitoring and recording (USDA
Forest Service, 2015). State & Private Forestry highlight National priorities and
objectives, however, that should fall within each state’s specific State Forest Action Plan
– to conserve working forest lands (i.e., managing for multiple uses and values), protect
forests from harm (i.e., reduce threats to forest health like wildfire, invasive species,
flooding, etc.), and enhance public benefit from trees and forests (including forestry
related jobs, carbon storage, land access) (USDA Forest Service, 2015).
Forestry professionals who assist in the administration of FLP and FSP rate the
programs relatively high overall when compared to state-level and other federal programs
in terms of “owner awareness and appeal, effectiveness in encouraging sustainable
forestry, and effectiveness in helping owners meet their objectives” and “effectiveness in
sustaining wildlife and assisting landowners achieve wildlife objectives” (Jacobson et al.,
2009; Straka et al., 2007). Some argue that forestry incentive programs have issues with
funding and are difficult in coordination due to administration by different agencies
(Jacobson et al., 2009; Dwivedi et al., 2016). To better meet the needs of the landowners

5

participating in forestry incentive programs, forestry professionals suggest simplifying
the application process, increasing program funding, and enhancing program visibility for
landowners, including taking a personal approach to outreach (Jacobson et al., 2009;
Dwivedi et al., 2016). Evaluating the economic contributions emanating from properties
participating in landowner assistance programs is imperative to understanding the
benefits associated with these programs.
Input-output models are commonly used to evaluate economic contributions in the
natural resource field. Input-output models analyze interindustry dependencies within an
economy (Miller and Blair, 2009). These models are helpful in that they use economic
activities (e.g., timber harvesting, recreation, new businesses or industries, etc.) to
estimate how effects resonate in other parts of the economy (e.g., housing, job creation,
wages, gross regional product, etc.) (Hughes, 2003). IMPLAN (Impact analysis for
PLANning, IMPLAN Group, LLC, 2021) is an input-output economic modeling system
that uses multipliers to estimate how money flows through the economy in a region
(Figure 1). Multipliers account for the total effect of economic activity within a given
region or area and can be calculated by dividing the sum of the direct and indirect effects
by the direct effects (van Leeuwen et al., 2005; Hughes, 2003). IMPLAN was created by
the USDA Forest Service in the 1970s to estimate how the timber industry contributed to
local economies via timber harvesting and other mill-related activities. Today, IMPLAN
is used as a method to estimate how the recreation industry supports jobs (Hjerpe, 2018),
economic contributions of the timber industry (Jolley et al., 2020), and return on
investment for Federal programs (i.e., the US Fish and Wildlife Services’ Partners for
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Fish and Wildlife Program and Coastal Program) (Laughland et al., 2013), among other
uses.

Figure 1. IMPLAN (Impact analysis for PLANning; IMPLAN Group, LLC, 2021) flow
of inputs to outputs used to measure economic contributions in a given area.
IMPLAN is commonly used within the USDA Forest Service to estimate the
economic contributions of timber and forestry related activities in the United States
emanating from National Forests. Brandeis and Hodges (2015) estimated the economic
contributions of the forest sector and primary forest products industry in the US South,
comparing contributions in 2011 to estimates in 2009, from the economic down-turn in
2008. The authors noticed a downward trend in employment (-10% change), labor
income (-12% change), value-added (-11% change), and primary mills in operation
throughout the region (113 mill loss) (Brandeis & Hodges, 2015). Jolley et al. (2020)
completed an economic contribution analysis of all 50-states for the forest products
industry (i.e., commercial logging and pulp & paper industries) using IMPLAN. Their
results indicated that the highest concentration of employment in their specific sectors
(i.e., commercial logging and pulp & paper industries) was in the US South (Jolley et al.,
2020).
IMPLAN is not only valuable in estimating economic contributions from the
forest products industry, but also economic activities related to other activities including
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outdoor recreation. Kebede et al. (2008) found that forest-based recreation was highly
important to forest landowners and rural communities in Alabama. Poudel et al. (2017)
used IMPLAN to estimate the economic contributions of wildlife watching recreation
expenditures from 2006 to 2011 in the US South. They found that total (direct + indirect)
expenditures from wildlife watching contributed over 190,000 jobs and $10.3 billion in
value-added to the region (Poudel et al., 2017). In Mississippi and Alabama, Guo et al.
(2017) found that Gulf Coast tourism contributed $9.4 billion in value-added per year and
200,000 jobs. Lastly, Hjerpe (2018) estimated economic contributions from regional
expenditures around the Boundary Waters Canoe Area Wilderness in northeastern
Minnesota, which totaled $78 million in economic output and 1,100 jobs.
To the author’s knowledge, IMPLAN has only been used once in relation to
USDA Forest Service State and Private Forestry landowner assistance programs. In four
case study areas (Northern Forest region of NY, VT, NH, ME; Northern WI and MI
Upper Peninsula; GA and SC; Northern ID and Western MT), lands conserved through
FLP produced an estimated $140 per acre from timber harvesting, tree planting, maple
syrup, and recreational activities (Murray et al., 2018). The authors also found that the
same protected lands, just over 2 million acres, produced a combined total of 4,000 jobs
and over $279 million in value-added to the four study region’s economies in 2018
United States Dollars (USD) (Murray et al. 2018). The impact of FLP beyond these case
study areas has not been calculated.
In this study, I assess the economic contributions of properties participating in
FLP and FSP, at the state and national levels for the conterminous United States. In doing
so, I am estimating how much money is being contributed to local employment and Gross

8

Regional Product (i.e., value-added) from economic activities on the properties
participating in either program. The economic contributions of these programs are
currently unknown. First, I will be discussing the data synthesis of the inputs for
IMPLAN, including estimated timber harvesting and recreation expenditures on FLP and
FSP properties. Then, I will discuss the IMPLAN model and the relative assumptions
associated with it. The results are presented thereafter with a discussion of the results.
1.3 Methods
1.3.1 Study Area
This analysis focused on all FLP and FSP properties in the conterminous United
States. Due to input data limitations Alaska and Hawaii were excluded (e.g., Sass et al.,
2020; Pickard et al., 2015). As shown in Table 1, FLP has 2.7 million acres of forestland
in the conterminous US, and FSP has 16.6 million acres. Results are presented per state,
including a national summary (48 states) as well.
Table 1. Total acres in Forest Legacy Program (FLP) and Forest Stewardship Program
(FSP) as of 2019 (USDA Forest Service, 2020a; USDA Forest Service, 2020b).
PROGRAM

ACRES

Number of Projects

FLP

2,746,980

1,480

FSP

16,619,869

136,473

1.3.2 IMPLAN
Input-output models, like IMPLAN, use multipliers (i.e., direct response
coefficients) that are estimated from economic output. The direct response coefficients
used in this study are based on the idea that an increase in timber demand directly relates
to the need for more jobs and increased wages in the timber sector. For example,
employment, in actual jobs, is estimated per $1 million of production (IMPLAN Group
9

LLC, 2021). Given the inputs (i.e., timber volume by product, timber utilization, and
recreation expenditures), IMPLAN uses specifically related direct response coefficients
to estimate the total economic contributions in an area, or the direct, indirect, and induced
effects (for definitions and examples see Table 2). The timber harvesting multipliers are
based on direct response coefficients from the timber industry (Henderson et al., 2017),
whereas recreation multipliers are based on direct response coefficients within IMPLAN.
Table 2. Definitions and examples of frequently used terms in economic contribution
analysis (IMPLAN Group LLC, 2021; Clouse 2020; adapted from Murray et al., 2018 &
Jolley et al., 2020).
Term
Direct effects

Indirect effects

Induced effects

Employment

Labor income

Value-added

Definition
The impacts the inputs, or changes in
spending or production, have on
sectors

Example
A contractor buys lumber
from a home improvement
store and an employee
gets paid
Contributions from inter-industry (or
The home improvement
business to business) purchases
store buys more lumber
from a supplier
Changes in spending from individuals The home improvement
resulting from income variability
store employee uses their
paycheck to buy groceries
Average number of jobs, either full- or Number of loggers hired
part-time in an industry. One job
to harvest timber
lasting 12 months is equal to 2 jobs
lasting 6 months each
Total monetary value of all forms of
Money made by the
employment income, including wages loggers’ wages and
and salaries, benefits, payroll taxes,
benefits plus any selfand capital consumption allowance
employed income
A measure of contribution to GDP
Aggregated labor income
made by individual producer, industry, plus taxes paid on
or sector. Equal to gross output minus products, plus profits
intermediate inputs (consumption of
goods and services purchased from
other industries or imported).
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Output

The value of production by an
industry in a calendar year (Output =
Employee Compensation + Proprietor
Income + Intermediate Inputs + Tax
on Production and Imports + Other
Property Income)

Total value of all lumber
sales from sawmill
processing above

Using the direct, indirect, and induced effects, IMPLAN provides estimates of
employment, labor income, value-added, and output, for the given region (Brandeis &
Guo, 2016). In relation to the timber products industry, an increase in production of wood
products leads to an increase in wages or hiring more labor (direct effect) (USDA Forest
Service, 2018). In order to meet the demand, some industries might purchase production
materials from other industries (indirect effect) (USDA Forest Service, 2018). By hiring
more labor, this may lead to increased area population, higher employment rates and
increased income to spend in the area (induced effect) (USDA Forest Service, 2018).
Value-added and Gross Regional Product are interchangeable and both reflect the gross
output minus intermediate inputs (Table 2; Murray et al., 2018)
For this study, I am using the definition of economic contribution as defined in
Watson et al. (2007), “the gross change in economic activity associated with an industry,
event, or policy in an existing regional economy.” This is not to be confused with an
economic impact analysis which estimates the net change in economic activity when
introducing a new industry or activity (Watson et al., 2007). The economic activities
assessed in this study are not newly introduced, therefore “contribution” works best.
1.3.3 Data Synthesis
To capture the estimated economic contributions, there are two separate sets of
models: timber harvesting and recreation. To model the economic contributions resulting
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from timber harvesting on FLP and FSP properties, the inputs necessary are timber
harvest volume by product, percent harvested by loggers, and relative timber flow in the
area. Volume-based direct response coefficients are used to estimate employment and
labor income associated with timber harvesting (Sorenson et al., 2016; Henderson et al.,
2017). To estimate the indirect effects, the model uses the wage-based response
coefficients from the IMPLAN model data (Sorenson et al., 2016). The social account
matrix (SAM) is used to measure the induced effects within the region, or the goods and
services resulting from the direct and indirect benefits (Henderson et al., 2017). For the
recreation model, the inputs needed are expenditures per activity in USD for each
applicable economic sector in each region. The direct response coefficients were wagebased and underlying within 2018 IMPLAN data.
1.3.4 Timber Harvesting
I used USDA Forest Service National Forest System Timber Flow (H. Eichman,
personal communication, February 2021) percentages and assumed a 100% removal rate
by loggers, not household removals, for the timber harvesting model. In order to estimate
the timber harvesting removals on FLP and FSP properties, a series of equations (see
equations [1.1] through [1.5]) were used with data from the USDA Forest Service Forest
Inventory and Analysis (FIA) ([Evalidator]; annual harvest removals volume of
timberland in cubic feet; area change total of timberland; USDA Forest Service, FIA
Program, 2020) and USFS Timber Product Output Survey for each region (J. Bentley,
personal communication, June 2020; R. Piva, personal communication, June 2020;
USDA Forest Service, 2020c; see Table A.18 for a list of citations of Northern Research
Station TPO Reports). Due to a lack of recent data from the Northeast and Midwest of the

12

United States, the most recent TPO reports were used, some dating as far back as 1973
(See Supplemental Materials, Table 18, for a list of TPO citations including year of
publication and the corresponding state). The acre-based ratio is used to attribute
estimated removals, specific to public vs private land, to all lands participating in the
programs within each state.
The estimation of volume by product from TPO data, Evalidaor, and program acreages is
shown in equations (1.1) through (1.5):
𝑃𝑉𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 (𝑓𝑤) =

𝑉𝑃𝑓𝑤
𝑉𝑃𝑡𝑜𝑡𝑎𝑙

(1.1)

Where the percent of product volume, 𝑃𝑉𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 (𝑓𝑤) , is equal to the volume of
fuelwood (fw), 𝑉𝑃𝑓𝑤 , divided by the total volume of all products, 𝑉𝑃𝑡𝑜𝑡𝑎𝑙 (softwood and
hardwood sawtimber, softwood and hardwood pulp, posts, poles and pilings, fuelwood,
and other products).
𝑉𝐴𝐶𝑠𝑤,𝑝𝑢𝑏𝑙𝑖𝑐 =

( 𝐴𝑅𝑠𝑤,𝑝𝑢𝑏𝑙𝑖𝑐 )
𝐴𝐶𝑝𝑢𝑏𝑙𝑖𝑐

(1.2)

Where the volume of annual removals per acre, 𝑉𝐴𝐶𝑠𝑤,𝑝𝑢𝑏𝑙𝑖𝑐 , is equal to annual
removals of either softwood (sw) or hardwood (hw) on public or private
land, 𝐴𝑅𝑠𝑤,𝑝𝑢𝑏𝑙𝑖𝑐 , divided by the total acres of forestland in public or private ownership,
𝐴𝐶𝑝𝑢𝑏𝑙𝑖𝑐
𝑉𝐴𝐶𝑠𝑤,𝑓𝑤,𝑝𝑢𝑏𝑙𝑖𝑐 = 𝑉𝐴𝐶𝑠𝑤,𝑝𝑢𝑏𝑙𝑖𝑐 ∗ 𝑃𝑉𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠 𝑓𝑢𝑒𝑙𝑤𝑜𝑜𝑑

(1.3)

Where 𝑉𝐴𝐶𝑠𝑤,𝑓𝑤,𝑝𝑢𝑏𝑙𝑖𝑐 is equal to the estimate of annual removals of softwood
(sw) timber product (fw) on public land
𝑉𝑠𝑤,𝑓𝑤 = (𝐴𝐶𝐹𝐿𝑃,𝑝𝑢𝑏𝑙𝑖𝑐 ∗ 𝑉𝐴𝐶𝑠𝑤,𝑓𝑤,𝑝𝑢𝑏𝑙𝑖𝑐 ) + (𝐴𝐶𝐹𝐿𝑃,𝑝𝑟𝑖𝑣𝑎𝑡𝑒 ∗ 𝑉𝐴𝐶𝑠𝑤,𝑓𝑤,𝑝𝑟𝑖𝑣𝑎𝑡𝑒 ) (1.4)
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Where 𝑉𝑠𝑤,𝑓𝑤 is the estimate of total volume of softwood (sw) fuelwood
(fw), 𝑉𝐴𝐶𝑠𝑤,𝑓𝑤,𝑝𝑢𝑏𝑙𝑖𝑐 , on FLP properties in public and private ownerships; 𝐴𝐶𝐹𝐿𝑃,𝑝𝑢𝑏𝑙𝑖𝑐
being the total acres enrolled in FLP on public or private land (FSP only accounts for
private ownership)
𝑉𝑓𝑢𝑒𝑙𝑤𝑜𝑜𝑑 = 𝑉𝑠𝑤,𝑓𝑤 + 𝑉ℎ𝑤,𝑓𝑤

(1.5)

Where the total volume of fuelwood on FLP or FSP properties, 𝑉𝑓𝑢𝑒𝑙𝑤𝑜𝑜𝑑 , is equal
to the sum of the softwood fuelwood volume harvested, 𝑉𝑠𝑤,𝑓𝑤 , and the hardwood
fuelwood volume harvested, 𝑉ℎ𝑤,𝑓𝑤
1.3.5 Recreation
In order to estimate the expenditures from recreation on FLP or FSP Properties, I
used data from the EPA’s EnviroAtlas Database (Pickard et al., 2015), US Department of
the Interior Fish and Wildlife Service National Survey of Fishing, Hunting, and WildlifeAssociated Recreation (FHWAR; US Department of the Interior, 2016), forest ownership
distribution of the conterminous US (Sass et al., 2020), and US Geological Survey’s
Watershed Boundary Dataset (WBDHU8; USDA Natural Resources Conservation
Service, 2020). Because project-specific information is not gathered regarding access,
and that recreation is inherent to both FLP and FSP, all acres participating in the
programs are assumed to be open for recreation. Of course, not all properties or
landowners are the same in regards to land access, but without detailed property-specific
information, assuming all are open to recreation is the most comprehensive and inclusive
assessment available.
Using the 2016 US Fish and Wildlife Survey of Fishing, Hunting, and WildlifeAssociated Recreation Report, I estimated expenditures made per day for each activity
14

(i.e., freshwater fishing, big game hunting, migratory bird hunting, and bird watching; see
equations [1.6] through [1.11]). For freshwater fishing and big game hunting, I divided
dollars per fisher (or hunter) by days per fisher (or hunter) for dollars per spent per day
(for Big Game Hunting or Freshwater Fishing). For those data that were not as detailed as
Fishing and Big Game Hunting (i.e., Migratory Bird Hunting and Wildlife Watching), I
estimated the average dollars per “sportsperson” based on National expenditure data,
provided in FHWAR, per activity sector (fees, food, transportation, etc.).
The estimate of recreation expenditures on FLP/FSP properties, using data from
EnviroAtlas, FHWAR and program acres is presented in equations (1.6) through (1.11):
𝐹𝐿𝑃𝐷𝑎𝑦𝑠

𝑝𝑟𝑖

= (𝐷𝐷 × 𝑃𝑝𝑟𝑖𝑣𝑎𝑡𝑒 ) ×

𝐹𝐿𝑃𝑎𝑐𝑟𝑒𝑠 𝑝𝑟𝑖𝑣𝑎𝑡𝑒

(1.6)

𝐴𝑐𝑟𝑒𝑠𝑝𝑟𝑖𝑣𝑎𝑡𝑒

Where days spent recreating on private FLP property, 𝐹𝐿𝑃𝐷𝑎𝑦𝑠

𝑝𝑟𝑖

, is equal to demand

days from EnviroAtlas, 𝐷𝐷, multiplied by the proportion of each forest ownership in each

HUC8 boundary (i.e., public being state, federal, local; and private being Family Forest),
𝑃𝑝𝑟𝑖𝑣𝑎𝑡𝑒 , multiplied the proportion of FLP privately owned acres, 𝐹𝐿𝑃𝑎𝑐𝑟𝑒𝑠 𝑝𝑟𝑖𝑣𝑎𝑡𝑒 , by timberland
acres in private ownership, 𝐴𝑐𝑟𝑒𝑠𝑝𝑟𝑖𝑣𝑎𝑡𝑒 (Oswalt et al., 2017). 𝐹𝐿𝑃𝐷𝑎𝑦𝑠

𝑝𝑢𝑏𝑙𝑖𝑐

is calculated the

same, but of lands in public ownership
𝐹𝑆𝑃𝐷𝑎𝑦𝑠 = (𝐷𝐷 × 𝑃𝐹𝐹𝑂 ) ×

𝐹𝑆𝑃𝑎𝑐𝑟𝑒𝑠

(1.7)

𝐹𝐹𝑂𝑎𝑐𝑟𝑒𝑠

Where days spent recreating on FSP properties, 𝐹𝑆𝑃𝐷𝑎𝑦𝑠 , is equal to demand days from
EnviroAtlas, 𝐷𝐷, multiplied by the proportion of Family Forest Owner (FFO) acres in each
HUC8 boundary, 𝑃𝐹𝐹𝑂 , multiplied by the proportion of FSP acres, 𝐹𝑆𝑃𝑎𝑐𝑟𝑒𝑠 , to acres under
Family Forest ownership, 𝐹𝐹𝑂𝑎𝑐𝑟𝑒𝑠
∑ 𝑅𝑒𝑐 𝐸𝑥𝑝𝐹𝐿𝑃 = ([

𝑑𝑜𝑙𝑙𝑎𝑟𝑠

𝑠𝑝𝑜𝑟𝑡𝑠𝑝𝑒𝑟𝑠𝑜𝑛

÷

𝑑𝑎𝑦𝑠
𝑠𝑝𝑜𝑟𝑡𝑠𝑝𝑒𝑟𝑠𝑜𝑛
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] × (𝐹𝐿𝑃𝐷𝑎𝑦𝑠

𝑝𝑢𝑏

+ 𝐹𝐿𝑃𝐷𝑎𝑦𝑠

)
𝑝𝑟𝑖 𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦

(1.8)

Where the aggregated estimated expenditures in each sector (food, fees, travel,

etc.) for all recreation activities (freshwater fishing, migratory bird and big game hunting,
and wildlife watching) on FLP properties, 𝑅𝑒𝑐 𝐸𝑥𝑝𝐹𝐿𝑃 , equals dollars spent by fishers,
𝑑𝑜𝑙𝑙𝑎𝑟𝑠

hunters, and watchers, 𝑠𝑝𝑜𝑟𝑡𝑠𝑝𝑒𝑟𝑠𝑜𝑛, divided by days spent recreating by fishers, hunters,
𝑑𝑎𝑦𝑠

and watchers, 𝑠𝑝𝑜𝑟𝑡𝑠𝑝𝑒𝑟𝑠𝑜𝑛, multiplied by the sum of days spent recreating on FLP public land,
𝐹𝐿𝑃𝐷𝑎𝑦𝑠

𝑝𝑢𝑏

, and FLP private land, 𝐹𝐿𝑃𝐷𝑎𝑦𝑠
∑ 𝑅𝑒𝑐 𝐸𝑥𝑝𝐹𝑆𝑃 = ([

𝑝𝑟𝑖

𝑑𝑜𝑙𝑙𝑎𝑟𝑠

𝑠𝑝𝑜𝑟𝑡𝑠𝑝𝑒𝑟𝑠𝑜𝑛

÷

𝑑𝑎𝑦𝑠
𝑠𝑝𝑜𝑟𝑡𝑠𝑝𝑒𝑟𝑠𝑜𝑛

] × 𝐹𝑆𝑃𝐷𝑎𝑦𝑠 )𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦

(1.9)

Where the total estimated expenditures in each sector (food, fees, travel, etc.) for all
recreation-related activities (freshwater fishing, migratory bird hunting, big game hunting, and
wildlife watching) on FSP properties, 𝑅𝑒𝑐 𝐸𝑥𝑝𝐹𝑆𝑃 , is equal to dollars spent by fishers, hunters,
and watchers,
𝑑𝑎𝑦𝑠
𝑠𝑝𝑜𝑟𝑡𝑠𝑝𝑒𝑟𝑠𝑜𝑛

𝑑𝑜𝑙𝑙𝑎𝑟𝑠
𝑠𝑝𝑜𝑟𝑡𝑠𝑝𝑒𝑟𝑠𝑜𝑛

, divided by days spent recreating by fishers, hunters, and watchers,

, multiplied by the days spent recreating on FSP properties, 𝐹𝑆𝑃𝐷𝑎𝑦𝑠

1.3.6 Analysis
Using IMPLAN data from 2018, with the inputs summarized above, the economic
contributions were estimated based on separate multipliers for the timber harvesting and
recreation model. The IMPLAN analysis was run at the state-level for each program, for
a total of 96 models. The results were then deflated to 2021 dollars and aggregated to
calculate total economic contributions for the conterminous US. All results represent
estimated total effects which include both direct and secondary estimates.
1.4 Results
2.5 Summary of inputs
The estimated timber harvest volume on FLP and FSP properties are shown in
Table 3, for each timber product (i.e., softwood and hardwood sawtimber, softwood and
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hardwood pulp, posts, poles, and pilings, fuelwood, and other products). The greatest
source of volume is softwood sawtimber, at 21,966 and 109,115 thousand cubic feet for
FLP and FSP, respectively. The least volume is posts, poles, and pilings at only 376
thousand cubic feet for FLP, and 4,540 thousand cubic feet for FSP.
Table 3. Summary of aggregated timber harvesting volume by product per FLP or FSP in
thousand cubic feet.
Program

Softwood

Hardwood Softwood Hardwood

Sawtimber Sawtimber

Pulp

Pulp

Posts,

Fuelwood

Poles,

Other
Products

Pilings
---------------------------------------Thousand Cubic Feet ------------------------------------FLP

21,966

7,979

9,718

16,544

376

9,672

2,174

FSP

109,115

104,143

86,621

85,120

4,540

30,473

29,103

The aggregated expenditures of recreation on FLP and FSP properties per
expenditure sector (i.e., food, public and private transportation, lodging, guide fees,
public and private land use, equipment fees, bait, ice, and heating and cooking fuel) as
described by IMPLAN, are shown in Table 4 in 2016 USD. FSP overall has greater
expenditures than FLP due to the number of acres associated with the program and
regional differences. The greatest expenditure sector for both FLP and FSP is private
transportation with $21,513,067 and $149,143,681 respectively. The sector with the least
amount of money spent is public land use for FLP ($686,717) and heating and cooking
fuel for FSP ($6,784,000). There is no value for public land use fees for FSP because all
FSP land is private land, therefore would have no public land use fees associated with it.
Table 4. Summary of aggregated expenditures for each program per each expenditure
sector, in 2016 dollars (FHWAR; US Department of the Interior, 2016)
Expenditure Sector

FLP

FSP

Food

$18,424,000

$127,969,000
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Public Transportation

$1,722,000

$11,505,000

Private Transportation

$21,513,000

$149,144,000

Lodging

$6,899,000

$49,695,000

Guide Fees

$3,779,000

$25,737,000

Public Land Use

$687,000

-

Private Land Use

$7,945,000

$53,197,000

Equipment Fees

$1,711,000

$11,660,000

Bait

$2,666,000

$20,250,000

Ice

$975,000

$7,409,000

Heating and Cooking Fuel

$998,000

$6,784,000

1.4.2 National Economic Contributions
1.4.2.1 FLP National Economic Contributions
The results suggest that FLP lands in the conterminous US contribute an
estimated 4,560 jobs and $306.8 million in value-added from timber harvesting and
recreation in 2021, or $114/acre. More specifically, FLP lands contribute an estimated
886 jobs and $40.6 million in value-added to local economies from recreation and 3,674
jobs and $266.2 million in value-added for timber harvesting practices.
Of the state-level results, a few states stand out. As previously stated, FLP was
originally created to protect large working forests in the Northern Forest region,
specifically ME, NH, NY, and VT (USDA Forest Service, 2017). Our results show the
greatest contributions, for FLP, are located from those states (Figure 2 & 4). Specifically,
Maine accounting for 1,553 jobs and $90.5 million; New Hampshire contributing 631
jobs and $53.2 million; New York contributing 215 jobs and 14.2 million; and Vermont
contributing the least among the initial states at 129 jobs and $6.2 million in value-added
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to the state economy. Outside of these initial states, FLP has fewer contributions per state
(Figure 2 & 4) in terms of employment and value-added.
1.4.2.2 FSP National Economic Contribution
FSP lands in the conterminous US contribute an estimated 27,700 jobs and $1.8
billion in value-added from expenditures. FSP lands are estimated to contribute 6,237
jobs and $379.5 million from recreation as an economic activity and 21,446 jobs and $1.5
billion in value-added from timber harvesting practices. These results are aggregated
across all state-level results (see supplemental materials) and therefore does not account
for interstate or regional economic activities or flow. The addition of all state-level results
will not result in the estimate of the National results due to rounding.
Due to the large number of acres associated with FSP (among other factors), the
results are greater per state, as well. The largest contributor of both jobs and value-added
is Wisconsin, with 3,244 jobs and $224 million in value-added to the state economy.
Wisconsin has more acres associated with the program than any other State. Other
notable states for FSP are found within the same Forest Service Region (R9) as
Wisconsin – Indiana (1,685 jobs and $106.8 million in value-added), Michigan (1,048
jobs and $68.1 million in value-added), New Jersey (432 jobs and $30.4 million in valueadded), and New York (1,180 jobs and $79.1 million in value-added). Wisconsin is
almost twice that of the second greatest contributor in value-added for FSP, Georgia with
1,637 jobs and about $124 million in value-added (Figure 5). Likewise, as shown in
Figure 3, Wisconsin is also nearly double what the second greatest contributor in
employment for FSP, Indiana with 1,685 jobs compared to Wisconsin’s 3,244.
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Figure 2. Employment distribution of FLP for both timber and recreation models across
all States, in 2021.

Figure 3. Employment distribution of FSP for both timber and recreation models across
all States, in 2021.
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Figure 4. Total value-added for FLP for both timber and recreation models across all
States in 2021 USD.

Figure 5. Total value-added distribution of FSP for both timber and recreation models
across all States in 2021 USD.
21

1.5 Discussion
The results indicate that working forests are economically valuable to the rural
communities where they’re located. Further, the analysis suggests that FLP lands in the
conterminous US contribute 4,560 jobs, and $114 per acre in value-added to state
economies on an annual basis. FSP lands in the conterminous US contribute 27,703 jobs
and $108 per acre in value-added to State economies. The information presented can be
used to inform policy regarding working forests and wildlife-associated recreation.
FSP is different than FLP in many ways, and that is apparent in the results as well.
It is unknown, however, the extent to which the programs are mutually exclusive or
overlap in some capacity (i.e., a landowner participates in both programs). Overall, FSP
has greater contributions than FLP partially due to the vast number of acres, 16.6 million,
associated with the program. FLP, however, protects forests in perpetuity, therefore the
benefits associated with the program are greater than those temporarily managed via FSP.
In a similar study, Jolley et al. (2020) found that Maine and Wisconsin’s forest products
industries had the largest share of state value added, which mirror the results of this
study. Wisconsin stands out among the results of this study for FSP as the single greatest
contributor, twice that of its follower, Georgia. The primary reason for this is due to the
Wisconsin Managed Forest Law, which is a part of FSP (Wisconsin Department of
Natural Resources, 2021). The private landowners have to follow similar guidelines to
FSP, including having a Forest Stewardship Plan, at least 20 acres of forested land, and
80% of the land covered by forest (Wisconsin Department of Natural Resources, 2017).
In order to conduct this analysis, it was necessary to make simplifying
assumptions. Using the acres of each program per state, I created an acre-based ratio of
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state level harvesting and recreation data. FSP has ten times the acres as FLP, therefore
the economic contributions will be greater. More acres enrolled in the program allude to
greater opportunity for economic expenditures, not greater program or policy value, just
greater economic activity. This value does not represent the total value of recreation in
the area because other factors (e.g., consumer surplus) were not measured and it is
unknown where the recreation was occurring.
There are some attribution issues, as initially described relating to FSP in Butler et
al. (2014) and Andrejczyk et al. (2016), that resonate with this assessment as well. For
instance, landowners described management plans from FSP participation as something
“they would have done anyways” (Andrejczyk et al. 2016). It is unclear to know for
certain whether the economic contributions estimated in this study would have been
there, should the properties not be associated with either program. Similarly, it is
uncertian whether a local resident would rather recreate, and therefore spend their money,
on local FLP/FSP land or to travel/use non-program land. The user may wish to use the
property for recreation, regardless of its program status. However, without the propertylevel data, it is hard to estimate these differences.
In order to assess recreation with the newest data, further simplifying assumptions
were made to estimate the relative expenditures made from each state from a national
dataset. Timber volume data, however, were mostly created from state-level TPO reports
or other state-level data sources. While state-level data was available to calculate the
inputs necessary for IMPLAN, the differences in reporting from state to state, and a lack
of data specific to lands participating in the programs, made it especially difficult to
navigate the analysis. Some national datasets had to be aggregated to state-level values,
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like the USDA Forest Service National Forest System Utilization Rates for timber
processing. In other cases, when recent state-level data was not available, the most recent
reporting was used, some as old as 1973. Using this method may lead to a
misrepresentation of the potential contributions at the state-level. Standardizing data
collection for timber harvesting and recreation visits will only make assessments, such as
this one, easier in the future. This was also recommended for FSP state-level data
collection and reporting in Butler et al. (2014). Future analysis may choose to use FIA
data that overlaps with FLP and FSP plots.
IMPLAN does not measure or estimate new jobs, rather it measures a transfer of
economic activities in a given area (IMPLAN Group, LLC, 2021; White, 2017). The
results of this study are economic contributions and therefore do not reflect the value of
FLP or FSP as federal programs. The contribution analysis conducted as a part of this
study did not account for the allocations of federal dollars to fund the program, so the
results are also not reflective of a return on investment or a cost-benefit analysis. This
study only looked at economic activities on estimated FLP and FSP properties in the
conterminous US by users of the forestland.
Similarly, IMPLAN is a static model where change over time is not accounted
for. This is important to acknowledge when estimating economic contributions made
from FLP lands, as they are protected in perpetuity. The methods of calculating this are
beyond the scope of this paper but could be done via a model of the total contributions of
a forest over time. IMPLAN also focuses solely on the economic contributions based on
traditional economic activities (i.e., timber harvesting, recreational spending) and does
not account for other ecological benefits often associated with forests (i.e., water
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filtration, carbon sequestration and storage, cultural or spiritual relevance, air
purification). Chapter 2 will focus on ecosystem service contributions from carbon
sequestration estimates on FLP and FSP plots in New England. Lastly, IMPLAN’s
estimation does not include standard errors similar to other modeling systems. Estimating
and quantifying the full economic effects of all benefits associated with FLP/FSP
properties would provide a clearer understanding of the benefits landowner assistance
programs have on society.
In previous research, Murray et al. (2018) used a similar methodology and found
that FLP properties in four regions of the US produced a combined total of 4,000 jobs
and over $279 million in value-added to the regional economies. Because they focused
their study on major contributor regions (i.e., the Northern Forest of Maine, New
Hampshire, Vermont and New York, among others), it is understandable their results are
less than those presented in this study, yet not substantially so. This could be due to the
large concentration of acres in the North and Midwest, which account for a great portion
of the results of this study.
Future analysis may focus on the total economic value of the forests enrolled in
FLP and FSP. The total economic value of a forest is the aggregated total of both the use
(direct and indirect) and non-use (option value, bequest value, and existence value)
benefits of an ecosystem (Pascual et al., 2010). Expanding to indirect or non-use benefits
(e.g., carbon, water quality, pollution mitigation, soil health) would provide a more
comprehensive assessment of the value of the programs. Valuation and monetization of
all ecosystem services is difficult, but could provide supplemental context to an economic
contribution analysis such as this one. Similarly, it would be interesting to hear
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qualitative data from case studies of region-specific properties participating in FLP or
FSP across the US.
Alternative programs were not compared to the two landowner assistance
programs included in this study, but valuation of the economic contributions of varying
types of policies, or inclusion of the other landowner assistance programs not assessed in
this study (i.e., Community Forestry Program and Landscape Scale Restoration), could be
useful in a more comprehensive assessment. Similarly, as factors relating to consumer
choice were not analyzed, it would be interesting to complete a cost benefit or
counterfactual analysis comparing those lands within and outside of the program. While
valuation of programs’ economic and ecosystem service contributions provides context
for political/governmental decisions, it is still a relatively controversial methodology.
1.6 Policy Recommendations
Landowner assistance programs, as administered by the USDA Forest Service,
have the capacity to provide great value to rural communities across the United States.
The results of this study suggest that forests participating in FLP and FSP positively
contribute to the community where they’re located, in terms of economic and ecosystem
services – the full effects of which were not measured in this assessment. This analysis,
however, would have been more straightforward should there have been more specific
program data available at the state-level. Similarly, in order to have a clearer
understanding of the total contributions of the programs, it would have been interesting if
there were parcel-level data related to the activities associated with a property (e.g., types
of recreation, levels of harvest by species type, recreation expenditures, etc.).
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The State Forest Stewardship Coordinating Committees (as a part of Section 19 of
the Cooperative Forestry Act) are instrumental in incorporating an integrated approach to
FLP and FSP. As a part of these committees, landowners play a role in the
implementation of the landowner assistance programs. It is important for continued
federal funding to reach private landowners, both engaged and unengaged, to ensure they
have a complete understanding of the options associated with owning, managing, and
potentially conserving their land.
In accordance with the National State and Private Forestry Priorities (USDA
Forest Service, 2015) (i.e., conserve and manage working forest landscapes; protect
forests from threats; and enhance public benefits from trees and forests) and the results of
this study, there should be funding allocated to serve as climate resiliency funding for
priority areas that are instrumental to mitigating climate change. Likewise, in order to
“enhance public benefits from trees and forests” (USDA Forest Service, 2015), there
should be greater emphasis on management for recreation potential on FLP and FSP
properties. Recreation management, standards and practices should be outlined in
management plans for landowners, managers, and non-profits to follow and abide by. As
the results of this study suggest, timber harvesting is not the sole opportunity for
economic contributions, but recreation is an economic opportunity, not only for the
landowner but the community as well.
1.7 Conclusion
Overall, both FLP and FSP provide substantial economic contributions to their local
and regional communities. For FLP, however, these benefits are available to the
community in perpetuity due to the nature of the program and the willingness of the
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landowner to place a permanent easement on their property. Additionally, with greater
acres enrolled in either program, the greater the contributions are from economic
activities. FSP is a short-term (compared to FLP) assistance program that relies heavily
on state agencies and foresters to administer the technical help to forest landowners.
Arguably, it is a more relaxed assistance program than FLP in terms of the hands-on
requirements and long-term responsibilities. It is interesting to then note the vast
difference in acres participating in either program, which therefore leads to greater
contributions. Interesting enough, though, is the potential to calculate the aggregated
benefits of properties permanently protected via FLP. Without property-specific data, it is
difficult to comprehend the benefits associated with individual properties based on
location specific criteria (e.g., acreage, tree age, tree species, etc.). It is also important to
indicate the variation in contributions across states and that federal mandates, or a onesize-fits-all approach, may not suit the participants of these programs that well. When
reviewing the results, it is also important to keep this distinction in mind and to not
equate dollar contributions from economic activity with value of a program.
This study is the first to attempt to estimate the economic contributions from US
Forest Service State and Private Forestry landowner assistance programs for the
conterminous United States. It will be valuable to government agencies in administering
these programs and lead to informed decisions. As stated previously, this is not a return
on investment, nor a cost-benefit analysis, and should therefore be taken as face value
estimated contributions made in 2021.
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CHAPTER 2
ASSESSMENT AND VALUATION OF CARBON SEQUESTRATION ON
LANDOWNER ASSISTANCE PROGRAM PROPERTIES IN NEW ENGLAND
2.1 Abstract
The USDA Forest Service, State and Private Forestry program administers federal
landowner assistance programs to assist private forest owners with management. The two
landowner assistance programs assessed in this study are the Forest Legacy Program
(FLP) and the Forest Stewardship Program (FSP). Both programs are collaborations
among federal and state agencies and non-profits to collectively conserve and protect the
continued supply of ecosystem services, like carbon sequestration. New England is one of
the densest in forest area in the United States, accounting for over 32 million acres of
forest area, 26 million of which is privately owned. Of those 26 million acres, FLP
accounts for 1.1 million and FSP accounts for just over 1 million acres. Private forests
and their landowners are integral to the supply and management of ecosystem services.
The objective of this project is to estimate and value the carbon sequestered on FLP and
FSP properties in New England. Using data from the USDA Forest Service Forest
Inventory and Analysis program and the Interagency Working Group on the Social Cost
of Carbon, this study attempts to estimate the benefits associated with FLP and FSP
properties in New England. This estimation provides a greater understanding of the
potential benefits associated with FLP and FSP. The results suggest that FLP lands in
New England sequester 147,000 metric tons of CO2, or $7.5 million in aboveground CO2,
on average per year. FSP lands in New England sequester 82,000 metric tons of CO2, or
$4.1 million in CO2, on average per year. Quantifying and estimating the value of carbon
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sequestered on FLP and FSP land is integral to understanding how federal landowner
assistance programs can impact climate change mitigation and provide continued support
to the landowner, their communities, and the global carbon network.
2.2 Introduction
New England is one of the most forested regions in the United States, accounting for
over 32 million acres of forest land (Oswalt et al., 2019). About 26 million acres, of the
total forest area, is privately owned (Butler et al., 2021). Forests have been noted as a
potential solution for climate change mitigation, due to their ecosystem service of carbon
sequestration (D’Amore, 2020; Peterson et al., 2018). Ecosystem services are the benefits
people receive from natural resources (Millennium Ecosystem Assessment [MEA],
2005). According to the MEA (2005), ecosystem services can be characterized as one of
three services: (1) provisioning (i.e., production materials like fiber and food); (2)
regulating (i.e., water purification, climate regulation, carbon sequestration); and (3)
cultural (i.e., aesthetic, spiritual, recreational benefits).
Carbon sequestration, a regulating ecosystem service, is the active process of
removing CO2 from the atmosphere and storing the carbon in different pools (i.e.,
aboveground biomass, belowground biomass, dead wood, litter, and soil organic carbon)
(Nowak et al., 2017; Domke et al., 2021; Domke et al., 2018). The forests of the
Northeast are among those that store the most carbon in the United States, due in part to
increases in aboveground biomass (Domke et al., 2018). United States total forest land,
harvested wood products, and urban trees account for offsetting over 14% of CO2
emissions annually (US EPA, 2021a). There are many factors that affect the sequestration
potential of a forest, including stand density and age, species type, and management
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practices (Nowak et al., 2017). Land use change (e.g., deforestation), however, severely
impacts the ability for humans to receive the full benefits of ecosystem services (Polasky
et al., 2011; Metzger et al., 2006). Other forest disturbances (e.g., invasive species) are
also affecting forest loss in New England. In a study of emerald ash borer, MacLean et al.
(2020) found that 25% of the woodland parcels in the Connecticut River Watershed may
harvest in response to the invasive insect. Climate change is expected to increase the
occurrence of certain insect pests and pathogens in New England (Janowiak et al., 2018).
Forest land area in New England is decreasing (Thompson et al., 2017), and with it
the ability to sequester and store carbon. Housing, commercial development and urban
sprawl are noted as reasons for this loss over the last 30 years (Thompson et al., 2017;
Blumstein & Thompson, 2015; Olofsson et al., 2016). In Southern New England (i.e.,
Massachusetts, Connecticut, and Rhode Island), specifically, between 1998 and 2007, it
was reported that the region lost 285,000 acres of forest land, or 87 acres of forest land
lost per day, mostly due to development (Butler et al., 2011). The Wildlands and
Woodlands Report estimates that if development continues at this rate, 1.2 million acres
of forestland and farmland will be lost to development in the next 50 years (Foster et al.,
2017). However, on federal forestland, Birdsey et al. (2019) found that harvesting was
the most common and consistent disturbance in the Eastern Region (i.e., Forest Service
R9 Region) of the United States since 1990 in terms of carbon stock reductions, yet the
annual harvested area did not exceed a quarter of a percent of the landscape. They
estimated that harvests from 1990 to 2011 removed approximately 1.6% of non-soil
carbon stocks from federal forests (Birdsey et al., 2019).
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Climate change is expected to exacerbate forest loss and decrease the ability to store
and sequester carbon. The loss in ability for forest ecosystems to grow trees and store
carbon is due to higher temperatures and more frequent droughts, yet increased carbon
dioxide in the atmosphere is expected to increase tree growth due to fertilization via
photosynthesis (Vose et al., 2018; Catanzaro et al., 2016; Janowiak et al., 2018).
In terms of alternative solutions, Haight et al. (2020) found that afforestation on
private land in the eastern United States provided the largest carbon benefit, a present
value of $649 billion, out of three different modeled policies through 2060. The
alternative policies were to 1) reduce deforestation from development, 2) implement
afforestation on private forestland in eastern US with reforestation on federal forestlands
in the western US and 3) reduce the rate of stand-replacing fire events by 10% (Haight et
al., 2020). The baseline scenario, of business as usual, was estimated to be $517.3 billion
in carbon sequestered in US forests (Haight et al., 2020).
In order to alleviate some of the pressures of forest loss (and thereby carbon
sequestration potential), private forest landowners have the opportunity to participate in
landowner assistance programs administered by the USDA Forest Service State and
Private Forestry Deputy, among other programs. Forestry incentive programs are not the
only solution to remediate this issue, but they provide education and technical and
financial assistance to landowners. The United States Department of Agriculture (USDA)
Forest Service, State and Private Forest Deputy administers a variety of landowner
assistance programs for landowners who wish to keep their forests intact and improve the
stewardship of their land. Included in these are the Forest Legacy Program (FLP) and the
Forest Stewardship Program (FSP). FLP provides funding for landowners seeking to
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conserve their lands in perpetuity through either conservation easements (i.e., where a
landowner sells some or all of the development rights of the property) or fee-simple land
purchases by public agencies (Merelender et al., 2004; USDA Forest Service, 2017).
Seventy-five percent of the project funding is from FLP, but the remaining 25% must
come from non-federal sources (USDA Forest Service, 2017). Lands participating in the
program must provide at least one benefit to the region it is in (e.g., recreation, forest
health and invasive species, carbon sequestration and climate resilience, etc.) as
documented in a multi-resource management plan (USDA Forest Service, 2017). FLP is
targeted to landowners who operate a working forest, meaning economic contributions
that stem from this land will be available in perpetuity (Tesini, 2009; USDA Forest
Service, 2017).
FSP provides federal funding to state agencies to assist landowners by providing them
with education and technical assistance (USDA Forest Service, 2011). The mission of
FSP is “to encourage the long-term stewardship of important State and private forest
landscapes, by assisting landowners to more actively manage their forest and related
resources” (USDA Forest Service 2015). FSP requires active (e.g., harvesting, planting,
cutting, etc.) forest stewardship of land (USDA Forest Service, 2011; USDA Forest
Service 2015). Often, landowners receive help via a Forest Stewardship Plan that outlines
the management goals for the property (United States Forest Service, 2011). FSP is
implemented differently in each state but is guided by State and Private Forestry national
objectives, including 1) conserve working forest lands (i.e., manage forests for multiple
uses and values), 2) protect forests from harm (e.g., invasive species, flooding, fire) and
3) enhance public benefits from trees and forests (e.g., carbon sequestration and storage
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potential) (USDA Forest Service 2015). Landowner assistance programs, like FLP and
FSP, have the capacity to greatly affect carbon sequestration potential and climate change
mitigation in New England.
Estimating the value of sequestered carbon on properties participating in landowner
assistance programs provides a greater understanding of the benefits emanating from
these properties. The action of removing CO2 from the atmosphere, and therefore
mitigating climate change, is valuable because the carbon is trapped in trees and organic
matter (Haight et al., 2020). The avoided damage from CO2 entering the atmosphere has
a social benefit that can be estimated by the social cost of carbon (SCC), or the avoided
damages of releasing an additional ton of CO2 into the atmosphere in monetary terms
(e.g., US dollars per ton of CO2 sequestered) (Greenstone et al., 2013). SCC includes all
human-centered values related to climate change impacts (e.g., human health effects,
property damage from natural disasters, environmental migration, and the value of
ecosystem services) (US Gov 2021). The US government tasked the Interagency
Working Group on the Social Cost of Carbon to estimate the SCC over time from a
global perspective (US Gov 2021; Greenstone et al., 2013). The group used three
Integrated Assessment Models (IAMs) (the Dynamic Integrated Climate and Economy
[DICE], the Policy Analysis of the Greenhouse Effect [PAGE] and the Climate
Framework for Uncertainty, Negotiation, and Distribution [FUND]) to estimate SCC at
three discount rates (5, 3, and 2.5%) and for five socioeconomic scenarios (US Gov 2021;
Greenstone et al., 2013). The three IAMs models translate emissions data to estimate
economic damages from changes in temperature (Greenhouse et al., 2013).
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Some, however, have argued that the discount rates inherent to those models do not
represent sufficient climate mitigation policy due to the discount rate being too high
(Boyce & Bradley, 2018; Wagner et al., 2021; Wagner, 2021). The current average
discount rate used to estimate SCC is 3% (Haight et al., 2020). Others have argued in
favor of a declining discount rate over time, to account for changes in future conditions
(Arrow et al., 2014). This analysis, however, focused on the 2020 estimates of SCC as
presented in Table 7 (US Gov 2021).
There has been a recent trend of taking an integrated, interdisciplinary approach to
ecosystem valuation. Jacobs et al. (2016) argues that in order to represent and measure a
diverse set of ecosystem values, there needs to be a greater representation of multiple
disciplines and methods. Similarly, current methods of valuing ecosystem services often
rely on scarce data and should be focusing on localized estimation across a variety of
diverse approaches (Pandeya et al., 2016). Nijnik and Miller (2017) propose that instead
of monetary valuation methods, to focus on participatory approaches using mixed
methods or an integration of methods. Overall, ecosystem valuation appears to be moving
towards intersectionality and attempting to represent each component of the ecosystem.
Chapter 1 focused on the economic contributions from forestry practices (i.e., timber
harvesting and recreation) on FLP and FSP properties in the conterminous United States.
This chapter, however, estimates the biophysical and monetary contributions from carbon
sequestration occurring on FLP and FSP properties in New England. First, I will discuss
the process of estimating carbon sequestered on FLP and FSP properties. Then, I will
present the SCC and the methods of evaluating. Lastly, I will present both the biophysical
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and monetary results (in metric tons and USD, respectively) and a discussion of the
impacts and implications this work has.
2.3 Methods
2.3.1 Study Area
Our study area for this analysis focuses on FLP and FSP properties within New
England (Maine, New Hampshire, Vermont, Massachusetts, Connecticut, and Rhode
Island) (Table 5, Figure 6). This study focuses specifically on New England due to both
the significance of the region to the programs and also the status of the geospatial dataset
for both programs (i.e., some states lack geospatial data related to the programs). FLP
began as a program in the Northern Forest region of New England and has specific
economic and ecological impacts on the forest ecosystems in that area. FSP distribution
and acres (Figure 6, Table 5) represent those FSP projects with management plans and
does not account for other aspects of the program (e.g., landowner outreach and
education, routine technical assists, etc.) (USDA Forest Service, 2015).
2.3.2 Carbon Sequestration
Shapefiles of both programs (containing plan ID, name, active date, state, acres,
among other data; T. Luther, personal communication, January 2020) (Figure 6) were
intersected with USDA Forest Service Forest Inventory and Analysis (Domke et al.,
2021) data points in ArcGIS to estimate the carbon storage and flux data on properties
participating in FLP and FSP in New England (n=303; FLP n=221; FSP n=82; see Table
6). The FIA program, a part of the USDA Forest Service, samples random forested or
non-forested plots per state and collects data pertaining to land use (e.g., carbon storage
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in different pools, acres under ownership, among others) (Bechtold and Patterson, 2005).
The data were provided in million metric tons of Carbon.

Figure 6. Map of FLP and FSP distribution across New England as of 2019 (T. Luther,
personal communication, January 2020)
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Table 5. Acres of FSP and FLP in New England by state and region as of 2019 (USDA
Forest Service, 2020a; USDA Forest Service, 2020b).
State

FLP

FSP

Connecticut

9,065

46,971

Maine

741,430

246,233

Massachusetts

17,581

155,426

New Hampshire

273,252

253,635

Rhode Island

3,583

52,121

Vermont

93,456

267,873

New England

1,138,367

1,022,259

Table 6. Plot count of FSP and FLP in New England by state and region (B. Walters,
personal communication, July 2021).
State/Region

Program

Plot Count

Maine

FLP

135

New Hampshire

FLP

48

Southern New England

FLP

6

Vermont

FLP

17

Maine

FSP

8

New Hampshire

FSP

21

Southern New England

FSP

17

Vermont

FSP

21

Carbon sequestration per program per state/region was calculated via
∆𝐶
𝑡

(2.1)

Where,
∆𝐶 = change in aboveground biomass of forests that stayed forests from time 1 to time 2,
in million metric ton of carbon
t = average time between time 1 and time 2 for each state/region.
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2.3.3 Valuation
The carbon data (in Million Metric Tons) was converted to CO2 (Metric Tons) by
converting to metric tons (divide by 1 million) then multiplying by the C to CO2 ratio (44
units CO2/12 units C) (US Environmental Protection Agency, 2021b). The value of the
carbon sequestered on the points that stayed forest was estimated by aggregating the
carbon sequestered (aboveground biomass) in each program and multiplying it by the
social cost of carbon at 2.5, 3, and 5% discount rates (US Gov 2021; Table 7). The
valuation is estimated at an aggregated overall region level due to sample size.
Table 7. Average SCC from the US Government Interagency Working Group on Social
Cost of Greenhouse Gases at 5, 3, and 2.5% discount rates in 2020 dollars (US Gov,
2021).
Discount Rate
5% Average

3% Average

2.5% Average

$14

$51

$76

2.4 Results
2.4.1 Carbon Sequestration per year
The results estimate that FLP properties sequester 147,000 metric tons of CO2 per
year in New England (Table 9). FSP properties sequester 82,000 metric tons of CO2 per
year in New England (Table 9). This positive value indicates that net impact of
harvesting practices (i.e., removals) do not have an adverse effect on carbon
sequestration. However, in New Hampshire, FLP has a negative flux rate, meaning there
was a decrease in the rate of sequestration on the properties (Table 8). It is interesting that
the programs have the opposite effects of each other, in terms of a positive or negative
year average flux. For example, Maine has a positive sequestration rate for FLP, but
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negative for FSP. All states/regions show this pattern (Table 8). Program totals (Table 9)
may not reflect aggregate state/region results (Table 8) due to rounding.
Table 8. Sequestration of C and CO2 per year for each state/region and program (FLP or
FSP), in metric tons.
State/Region

Program
FLP
FLP
FLP

Sequestration per year
(MT C)
7,000
-22,000
22,000

Sequestration per year
(MT CO2)
26,000
-80,000
82,000

Maine
New Hampshire
Southern New
England
Vermont
Maine
New Hampshire
Southern New
England
Vermont

FLP
FSP
FSP
FSP

32,000
-2,000
73,000
-12,000

119,000
-8,000
266,000
-43,000

FSP

-36,000

-132,000

Table 9. Total sequestration of C and CO2 per year for FLP and FSP, in metric tons.
Program
FLP
FSP

Sequestration per year
(MT C)
40,000
22,000

Sequestration per year
(MT CO2)
147,000
82,000

2.4.2 Valuation
The results suggest that, based on the average SCC discount rate of 3%, FLP
properties in New England sequester an estimated $7.5 million in CO2 per year, whereas
FSP properties sequester $4.2 million in CO2 per year (Table 10). For a lower discount
rate of 2.5%, the estimated value of CO2 sequestered on FLP properties is much higher at
$11.2 million, and for FSP at $6.2 million (Table 10). On the other hand, a higher
discount rate of 5% estimates a value of CO2 sequestered on FLP properties to be lower,
at $2 million and on FSP properties to be $1.1 million (Table 10).
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The total value of carbon (sequestered per year at a 3% average discount rate) is
estimated to be about $6.6 dollars per acre of FLP and $4.1 per acre of FSP. FLP has 1.1
million acres of land, whereas FSP has 1 million acres. Maine, in particular has the
largest acreage of any other state at 741,000 acres in FLP.
Table 10. Monetary value of carbon sequestered per year on FLP and FSP properties in
New England, in 2020 USD.
Program
FLP
FSP

5% Average
$2,064,000
$1,149,000

3% Average
$7,520,000
$4,186,000

2.5% Average
$11,207,000
$6,238,000

2.5 Discussion
The analysis suggests that FLP lands in New England provide an estimated $7.5
million in sequestered CO2 per year. Further, the results also suggest that FSP lands in
New England provide an estimated $4.1 million in sequestered CO2 per year. These
findings support the effort the USDA Forest Service has made to mitigate climate change
through landowner assistance programs like FLP and FSP (USDA Forest Service 2015;
USDA Forest Service 2017). It is important to indicate this is not a reflection of any one
property in New England, but rather a total effect of the ecosystem service. Similarly, this
value does not reflect a carbon tax credit program, but due to the simplicity of the
assessment, is an estimation of the dollar value of CO2 removed from the atmosphere
from forests participating in FLP or FSP. Total values of both programs are aggregate
sums of state-level results. This study only uses carbon data from aboveground biomass
estimates on FLP and FSP properties and did not account for carbon capture in wood
products, soils, or other carbon pools.
The results are estimates from USDA Forest Service FIA program and therefore have
inherent limitations. For example, all FIA data is sample-based and is subject to
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sampling, measurement, prediction, and nonresponse error (e.g., if a plot was remeasured
after a large harvest took place, that could lead to negative sequestration rate, as
presented in the results) (Gormanson et al., 2018). Also, because the plot count was low
(n = 303) it is possible that sampling error is very large.
It is interesting that both programs encourage active management of forested land,
yet have different average sequestration rates, potentially due to sampling error or
regional differences. While FLP is a permanent conservation easement, it encourages
active management as a working forest (USDA Forest Service, 2017). The results suggest
that FLP, despite encouraging active management, has more active carbon sequestration
than FSP. Other causes that may lend to higher sequestration rates are (but not limited to)
growth rates, stand age, species distribution, and ownership differences.
The results for the separate programs also have differing temporal aspects. FLP,
for example, is a program protects land in perpetuity. The total value of carbon
sequestration potential for FLP is beyond the scope of this paper. However, it is
important to indicate the potential estimated benefits over the lifetime of FLP.
Alternatively, FSP is a temporary program which varies in years of assistance by state.
The aggregated total benefits attributed to FSP is more likely to be less than that of FLP
purely on the level of protection alone. Further, some studies have argued whether or not
FSP is actively assisting landowners who would otherwise not participate in active
management or have a management plan (Butler et al., 2014; Andrejck et al., 2016).
The value of carbon sequestration was estimated at the 2.5, 3, 5% discount rate
levels to reflect the range of SCC possibilities. As stated earlier, some argue that the 2.5%
discount is too high and allows for a greater global temperature increase than what was
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determined in the Paris Agreement (Boyce & Bradley, 2018). With a lower discount rate,
a higher present value is estimated due to the perceived weight on future generations. A
higher discount rate estimates a lower present value due to the perceived weight on
current benefits. Therefore, most assessments use the “average,” or the 3% discount rate,
to estimate the value of carbon for policy alternatives (Haight et al., 2020).
The results from this study can be helpful in facilitating the conversation around
how invaluable landowner assistance programs are to mitigating the deleterious impacts
of climate change. Further, future research could focus on this intersection through
evaluating the total direct ecosystem service contributions emanating from these forests.
This would include measuring and estimating the value of other provisioning services
like water quality and air purification. Likewise, it would be interesting to see the total
ecosystem service contributions of all lands participating in FLP and FSP throughout the
US, not just New England.
2.6 Policy Recommendations
Overall, FLP and FSP provide great ecosystem service benefits to society both in
biophysical and financial terms. Lands participating in FLP are protected in perpetuity,
meaning these benefits are available to society forever. FSP, while being a temporary
assistance program, still allows for great benefits – as shown in the results. While
harvesting is inherent to both programs, the potential for carbon sequestration, and
managing to increase carbon sequestration, is still great. Housing, urban sprawl, invasive
species, and wildfires have negative effects on New England’s forests (Thompson et al.,
2017). Conserving and sustainably managing forests can be monumental to the effort of
mitigating greenhouse gas emissions. As Haight et al. (2020) found, afforestation on
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private forestland in the eastern US provided the greatest carbon benefit. Afforestation
could be implemented as a part of FLP and FSP (e.g., financial incentives to plant trees
where there were none prior) to further increase the ability for the programs to sequester
and store carbon more efficiently.
The State and Private Forestry Deputy of the USDA Forest Service already has
suggested carbon capture benefits associated with FLP and FSP in their guidelines
(USDA Forest Service, 2015; USDA Forest Service, 2017). However, considering
climate change mitigation in prioritizing lands for landowner assistance programs will
only increase the potential for ecosystem services emanating from properties participating
in the programs. FLP and FSP are not examples of tax or carbon payment policies.
Carbon sequestration is another benefit of conservation and properly managed forestland.
The goal of FLP and FSP is to assist landowners with managing their land through
financial incentives or technical assistance. While forested lands can be managed to
maximize carbon storage potential, FLP and FSP are not explicit in this. The results of
this study could be supplemental in arguing for stronger climate mitigation (i.e., carbon
storage) management practices on FLP and FSP properties. Likewise, continued funding
of landowner assistance programs is imperative, as non-market benefits (i.e., carbon,
water and air purification, aesthetic value) are useful to society. Further researcher can
extrapolate on this study and estimate the total economic value of the ecosystem services
associated with forests.
Lastly, the coordinated use of different landowner assistance programs has the
ability to maximize the potential for climate resiliency across the United States. Using
FLP in collaboration with FSP, or the other landowner assistance programs (i.e.,
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Landscape Scale Restoration or Urban and Community Forestry) or other agency
programs, can further the USDA Forest Service goals of mitigating climate change via
the nation’s forest ecosystem. The results of this study suggest the monetary value of
carbon sequestration potential in only the aboveground biomass layer. Future research
may take complete look at all forest carbon pools to estimate the total carbon value of the
forest participating in landowner assistance programs.
2.7 Conclusion
Estimating the value of carbon sequestration, as it happens on FLP and FSP
properties, could provide insight into the benefits forests participating in landowner
assistance programs provide to communities across the US. Overall, as shown in the
results (both in Chapter 1 and Chapter 2) landowner assistance programs provide positive
monetary contributions to society, in terms of timber harvesting, recreation expenditures,
and carbon sequestration. FLP and FSP, the focus of this analysis, have the opportunity to
provide immense benefits over the lifetime of the program, especially in the case of FLP
protecting forestland in perpetuity. The results of this analysis may be useful to assist
policy makers, managers, and foresters in the implementation and narrative surrounding
FLP and FSP. However, the results are not a reflection of a return on investment (ROI)
analysis and do not reflect the specific programs or a parcel in New England.
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APPENDIX A: SUPPLEMENTARY MATERIALS
Table 11. Summary of total acres in FLP and FSP for the conterminous United States, in
Acres (USDA Forest Service, 2020a; USDA Forest Service, 2020b)
STATE
AL
AZ
AR
CA
CO
CT
DE
FL
GA
ID
IL
IN
IA
KS
KY
LA
ME
MD
MA
MI
MN
MS
MO
MT
NE
NV
NH
NJ
NM
NY
NC
ND
OH
OK

FSP ACRES
236,826
28,865
373,201
241,038
480,945
46,971
20,752
270,831
729,507
319,145
538,293
819,821
178,374
173,623
613,324
69,116
246,233
306,981
155,426
720,221
898,574
714,456
280,460
65,905
367,503
14,252
253,635
153,762
102,877
723,054
179,510
52,395
259,728
215,031

FLP ACRES
13,819
1,242
20,502
112,843
21,000
9,065
3,336
13,322
71,044
96,835
558
8,485
1,986
166
10,220
182
741,430
2,014
17,581
156,679
145,665
6,776
583
260,742
330
111
273,252
7,003
16,787
135,820
11,525
8,468
46

OR
PA
RI
SC
SD
TN
TX
UT
VT
VA
WA
WV
WI
WY
US

127,524
232,855
52,121
283,086
46,712
176,113
701,004
260,156
267,873
494,504
58,979
134,539
2,729,804
203,964
16,619,869

21,863
5,544
3,583
78,634
249
53,315
30,771
75,617
93,456
18,526
68,947
4,608
117,909
4,587
2,746,980

Table 12. Summary of annual harvest volumes by product on FLP properties in thousand
cubic feet, per state.
State

AL
AR
AZ
CA
CO
CT
DE
FL
GA
IA
ID
IL
IN
KS
KY
LA
MA
MD

Softwood Hardwood Softwood Hardwood
Sawtimber Sawtimber
Pulp
Pulp

Posts, Fuelwood
Other
Poles,
Products
Pilings
------------------------------------Thousand Cubic Feet----------------------------------------68.0
17.8
98.5
44.8
2.9
16.5
11.9
310.6
70.8
214.3
107.4
1.5
23.7
24.8
10.2
0.0
1.8
4.2
1.1
2,399.3
0.0
13.6
526.7
30.0
103.6
1.4
35.6
59.2
8.6
3.8
54.8
3.5
9.3
0.4
0.9
2.3
36.4
4.5
1.4
3.1
0.1
40.8
0.2
67.4
4.2
1.1
17.9
14.4
519.6
120.9
617.9
160.9
41.2
131.6
131.0
22.7
1,422.7
170.9
0.0
7.0
0.0
0.6
0.5
1.9
149.6
0.1
5.9
6.5
0.6
1.6
1.5
57.3
0.5
0.7
0.2
0.9
0.1
1.2
0.6
0.0
0.1
0.2
60.8
98.4
8.4
14.1
0.0
2.3
3.8
2.6
19.0
3.4
13.7
1.6
47

ME
MI
MN
MO
MS
MT
NC
ND
NE
NH
NJ
NM
NV
NY
OH
OK
OR
PA
RI
SC
SD
TN
TX
UT
VA
VT
WA
WI
WV
WY

5,386.9
400.3
117.9
0.2
48.8
1,849.6
148.4
1.4
2,412.3
0.4
31.6
0.0
186.9
1.0
343.0
3.3
4.9
807.6
4.5
23.2
570.5
367.0
68.2
409.0
3,690.4
130.1
0.2
9.3

2,919.1
809.7
176.0
2.6
16.8
19.5
93.4
621.1
5.6
0.0
753.2
100.6
6.8
67.1
28.4
89.0
376.4
97.4
0.4
89.8
189.4
203.2
589.7
66.2
0.1

3,657.1
300.9
178.1
0.0
54.6
302.2
156.3
814.6
3.3
261.2
6.5
53.3
1.8
873.6
46.6
340.7
115.1
171.0
852.7
337.2
1.7
-

8,059.0
1,692.1
1,047.4
0.1
29.8
37.5
2,911.6
1.9
351.0
50.3
7.9
22.7
0.3
239.1
112.6
297.6
79.9
167.9
40.8
1,006.0
25.6
-

15.1
64.5
2.4
0.0
2.1
64.5
0.0
5.7
0.7
3.0
3.6
3.5
34.3
7.1
10.4
0.9
1.6
53.2
1.7
0.7

5,297.1
330.8
54.4
0.0
8.0
90.4
45.2
740.8
65.6
932.4
6.9
194.9
69.8
14.1
109.1
49.1
804.6
75.1
1.1

28.4
23.7
391.2
0.2
4.3
9.8
23.7
0.0
663.9
1.9
8.2
2.4
2.4
0.2
2.2
193.0
3.2
225.9
142.9
44.1
16.0
0.0
151.0
0.2
0.2

Table 13. Summary of annual harvest volumes by product on FSP properties in thousand
cubic feet, per state.
State

AL
AR
AZ
CA
CO

Softwood Hardwood Softwood Hardwood
Sawtimber Sawtimber
Pulp
Pulp

Posts, Fuelwood
Other
Poles,
Products
Pilings
------------------------------------Thousand Cubic Feet----------------------------------------3,547.4
809.2
5,139.1
2,037.2
150.3
809.5
611.9
6,939.5
1,540.9
4,788.3
2,337.6
33.1
526.2
554.0
238.1
0.3
42.8
98.4
26.7
5,169.2
0.0
29.3
1,134.7
64.7
2,371.9
32.4
815.0
1,356.2
196.3
48

CT
DE
FL
GA
IA
ID
IL
IN
KS
KY
LA
MA
MD
ME
MI
MN
MO
MS
MT
NC
ND
NE
NH
NJ
NM
NV
NY
OH
OK
OR
PA
RI
SC
SD
TN
TX
UT
VA
VT
WA
WI
WV
WY

22.2
3.4
3,032.9
13,504.1
4,688.7
5.9
61.5
82.9
731.1
1,159.7
590.5
402.1
1,815.3
1,842.5
710.0
166.9
10,345.3
490.6
3,076.9
1,469.9
2,273.2
55.0
193.7
2.7
959.7
55.0
1,400.6
7,348.3
200.7
71.6
6,959.5
135.8
295.4
12,997.6
1,302.9
2,942.9
1,560.7
3,449.1
3,003.9
5.6
1,433.4

253.5
551.5
19.8
3,195.6
2,437.9
6,750.3
15,284.6
1,136.4
10,847.9
167.7
928.3
2,894.3
1,009.6
3,772.9
1,083.2
2,671.9
3,423.4
5.2
2,057.5
710.6
1,116.4
585.0
351.8
0.3
4,114.1
5,243.5
207.3
212.7
3,623.7
419.7
1,193.8
2,859.2
2,219.5
1.5
3,953.2
667.8
192.0
13,647.4
1,933.7
16.4

20.5
6.7
5,003.5
16,059.5
563.1
32.1
3.9
1,478.8
81.5
517.8
1,232.4
1,384.8
1,072.8
9.3
11,574.9
80.2
3,240.1
767.6
496.7
1,341.2
342.0
1,141.4
109.1
7,528.7
593.4
7,762.5
4,962.5
652.4
796.9
7,788.6
48.8
49

42.9
21.5
343.1
4,251.7
545.4
600.8
703.6
133.4
2,081.8
2,787.3
7,884.9
6,445.6
82.2
6,098.7
826.8
2,742.7
116.6
1,917.4
2,620.7
248.2
1,225.0
5.0
3,207.9
855.6
6,780.3
3,514.4
592.1
38.6
23,283.6
747.7
-

40.0
85.2
1,070.0
102.1
219.7
9.9
0.1
5.1
297.0
14.4
21.6
443.2
17.1
28.4
5.4
47.3
18.6
18.5
199.2
75.7
295.6
4.9
161.6
37.0
37.3
6.2
49.8
50.2
108.9

1.8
1,397.2
3,430.3
108.8
164.7
130.9
22.0
1,812.1
1,538.4
333.5
6.1
1,694.5
24.0
986.6
697.9
401.8
44.1
5,092.6
148.1
1,998.6
544.1
320.4
387.3
2,149.9
2,872.5
70.2
170.4

4.6
0.2
1,076.5
3,405.2
63.0
193.2
496.9
608.1
76.7
246.3
35.8
240.9
9.7
110.0
2,404.9
161.8
914.7
2.6
496.9
24.5
625.4
169.1
50.1
12.2
127.3
3,116.0
3.8
120.6
1,673.1
1.6
27.6
5,146.7
507.3
1,905.8
56.9
0.0
3,494.2
5.1
34.5

Table 14. Summary of economic contributions from timber harvesting on FLP properties
in terms of employment, labor income, total output, and total value-added, by State in
2021 USD.
State

Employment

Labor Income

Total Output

Total Value-Added

AL
AR
AZ
CA
CO
CT
DE
FL
GA
IA
ID
IL
IN
KS
KY
LA
MA
MD
ME
MI
MN
MO
MS
MT
NC
ND
NE
NH
NJ
NM
NV
NY
OH
OK

0
29
2
204
19
7
5
5
35
3
171
1
14
0
7
0
21
4
1463
153
73
0
4
126
19
0
0
449
1
8
0
150
10
0

$0
$1,546,000
$79,000
$10,498,000
$801,000
$274,000
$202,000
$310,000
$1,732,000
$107,000
$8,386,000
$26,000
$628,000
$10,000
$289,000
$5,000
$863,000
$171,000
$61,802,000
$7,363,000
$3,561,000
$18,000
$306,000
$6,796,000
$1,217,000
$0
$7,000
$33,042,000
$45,000
$336,000
$0
$7,682,000
$503,000
$0

$0
$11,107,000
$507,000
$71,848,000
$2,553,000
$997,000
$779,000
$1,574,000
$9,181,000
$3,675,000
$969,131,000
$116,000
$5,155,000
$1,268,000
$10,036,000
$26,000
$33,283,000
$16,305,000
$221,359,000
$108,812,000
$28,757,000
$1,118,000
$2,030,000
$50,844,000
$68,909,000
$0
$71,000
$260,679,000
$1,340,000
$2,691,000
$0
$36,722,000
$4,722,000
$0

$0
$2,087,000
$114,000
$14,238,000
$1,141,000
$436,000
$325,000
$450,000
$2,019,000
$179,000
$14,832,000
$39,000
$930,000
$16,000
$495,000
$7,000
$1,485,000
$268,000
$86,649,000
$9,892,000
$5,069,000
$29,000
$415,000
$9,397,000
$1,885,000
$0
$9,000
$44,814,000
$68,000
$490,000
$0
$10,831,000
$801,000
$0

50

OR
PA
RI
SC
SD
TN
TX
UT
VA
VT
WA
WI
WV
WY
US

23
6
2
78
0
42
47
55
15
109
231
76
6
1
3674

$1,712,000
$272,000
$108,000
$4,090,000
$31,000
$2,098,000
$2,955,000
$2,561,000
$1,035,000
$4,098,000
$15,244,000
$4,899,000
$313,000
$37,000
$188,055,000

$9,878,000
$1,900,000
$805,000
$21,099,000
$1,499,000
$12,643,000
$34,540,000
$10,404,000
$9,360,000
$13,302,000
$121,016,000
$28,659,000
$2,251,000
$268,000
$2,193,219,000

$2,431,000
$375,000
$159,000
$5,623,000
$44,000
$3,062,000
$5,207,000
$3,623,000
$1,502,000
$5,398,000
$21,076,000
$7,823,000
$416,000
$53,000
$266,205,000

Table 15. Summary of economic contributions from timber harvesting on FSP properties
in terms of employment, labor income, total output, and total value-added, by State in
2021 USD.
State

Employment

Labor Income

Total Output

Total Value-Added

AL
AR
AZ
CA
CO
CT
DE
FL
GA
IA
ID
IL
IN
KS
KY
LA
MA
MD

395
580
50
380
390
31
54
309
1366
177
550
673
1212
48
1201
303
131
411

$19,730,000
$23,264,000
$1,340,000
$19,190,000
$14,601,000
$1,578,000
$2,609,000
$23,229,000
$75,589,000
$7,274,000
$23,791,000
$27,395,000
$56,463,000
$2,172,000
$49,421,000
$9,638,000
$5,889,000
$21,055,000

$56,232,000
$114,811,000
$12,375,000
$124,708,000
$43,263,000
$12,352,000
$15,504,000
$155,627,000
$465,571,000
$33,114,000
$1,514,744,000
$203,693,000
$261,479,000
$7,404,000
$779,355,000
$1,174,632,000
$23,153,000
$154,734,000

$27,806,000
$31,850,000
$1,709,000
$26,233,000
$20,130,000
$2,478,000
$4,041,000
$34,664,000
$108,342,000
$9,394,000
$41,214,000
$41,933,000
$79,816,000
$2,867,000
$78,501,000
$17,082,000
$8,834,000
$29,639,000

51

ME
MI
MN
MO
MS
MT
NC
ND
NE
NH
NJ
NM
NV
NY
OH
OK
OR
PA
RI
SC
SD
TN
TX
UT
VA
VT
WA
WI
WV
WY
US

431
698
393
250
1050
32
371
41
412
408
76
60
2
874
755
135
444
479
43
733
10
371
1267
183
583
360
213
2229
194
108
21466

$22,151,000
$32,896,000
$20,158,000
$10,002,000
$59,305,000
$1,649,000
$17,924,000
$2,193,000
$18,367,000
$18,732,000
$3,173,000
$2,169,000
$97,000
$36,552,000
$27,842,000
$6,386,000
$27,767,000
$17,270,000
$1,673,000
$40,151,000
$415,000
$13,284,000
$58,008,000
$7,287,000
$29,483,000
$16,677,000
$14,455,000
$101,587,000
$7,594,000
$4,511,000
$1,003,987,000

$86,886,000
$375,390,000
$113,140,000
$42,466,000
$377,412,000
$7,944,000
$97,598,000
$94,010,000
$77,168,000
$132,964,000
$10,136,000
$5,869,000
$303,000
$119,442,000
$582,881,000
$19,774,000
$104,871,000
$188,362,000
$9,993,000
$159,782,000
$1,613,000
$50,836,000
$216,828,000
$21,860,000
$150,559,000
$58,448,000
$62,299,000
$362,216,000
$31,601,000
$18,744,000
$8,734,145,000

$30,891,000
$47,725,000
$27,322,000
$14,093,000
$85,130,000
$2,491,000
$29,009,000
$4,001,000
$35,769,000
$27,010,000
$4,929,000
$2,961,000
$128,000
$56,765,000
$44,194,000
$9,277,000
$39,178,000
$25,426,000
$2,601,000
$62,511,000
$593,000
$19,232,000
$87,406,000
$10,514,000
$42,840,000
$23,992,000
$20,265,000
$166,632,000
$11,093,000
$6,813,000
$1,507,324,000

Table 16. Summary of economic contributions from recreation expenditures on FLP
properties in terms of employment, labor income, total output, and total value-added, by
State in 2021 USD.
State

Employment

Labor Income

Total Output

Total Value Added

AL
AR

6
6

$219,000
$158,000

$587,000
$403,000

$331,000
$240,000

52

AZ
CA
CO
CT
DE
FL
GA
IA
ID
IL
IN
KS
KY
LA
MA
MD
ME
MI
MN
MO
MS
MT
NC
NE
NH
NJ
NM
NV
NY
OH
OR
PA
RI
SC
SD
TN
TX
UT
VA

0
30
7
17
4
12
41
0
4
0
5
0
5
0
24
2
90
70
25
0
3
7
7
0
182
21
3
0
64
9
2
4
6
40
0
31
22
53
10

$8,000
$1,155,000
$228,000
$612,000
$116,000
$341,000
$1,162,000
$12,000
$118,000
$7,000
$155,000
$1,000
$135,000
$3,000
$892,000
$61,000
$2,692,000
$2,013,000
$767,000
$4,000
$71,000
$190,000
$201,000
$900
$6,252,000
$766,000
$68,000
$3,000
$2,435,000
$273,000
$67,000
$136,000
$194,000
$1,089,000
$300
$995,000
$746,000
$1,522,000
$293,000
53

$18,000
$2,919,000
$550,000
$1,151,000
$270,000
$761,000
$2,593,000
$28,000
$267,000
$17,000
$372,000
$4,000
$319,000
$7,000
$1,621,000
$122,000
$6,308,000
$4,717,000
$2,003,000
$10,000
$193,000
$505,000
$433,000
$1,900
$11,904,000
$1,601,000
$185,000
$7,000
$4,496,000
$685,000
$144,000
$311,000
$387,000
$2,406,000
$600
$2,182,000
$1,998,000
$4,320,000
$632,000

$12,000
$1,802,000
$343,000
$832,000
$162,000
$496,000
$1,702,000
$17,000
$167,000
$11,000
$228,000
$2,000
$194,000
$4,000
$1,164,000
$85,000
$3,904,000
$2,987,000
$1,176,000
$6,000
$109,000
$265,000
$283,000
$1,200
$8,428,000
$1,071,000
$108,000
$5,000
$3,343,000
$430,000
$95,000
$197,000
$272,000
$1,556,000
$400
$1,425,000
$1,171,000
$2,359,000
$421,000

VT
WA
WI
WV
WY
US

19
11
42
2
0
886

$565,000
$386,000
$1,189,000
$41,000
$4,000
$28,346,200

$1,218,000
$1,023,000
$2,731,000
$94,000
$11,000
$62,515,500

$823,000
$630,000
$1,757,000
$58,000
$6,000
$40,678,600

Table 17. Summary of economic contributions from recreation expenditures on FSP
properties in terms of employment, labor income, total output, and total value-added, by
State in 2021 USD.
State

Employment

Labor Income

Total Output

Total Value Added

AL
AR
AZ
CA
CO
CT
DE
FL
GA
IA
ID
IL
IN
KS
KY
LA
MA
MD
ME
MI
MN
MO
MS
MT
NC
NE
NH

70
103
2
27
46
79
14
129
269
34
8
168
469
29
246
23
213
273
52
346
162
72
226
1
102
24
180

$2,465,000
$3,452,000
$95,000
$1,381,000
$2,046,000
$3,897,000
$560,000
$5,094,000
$10,197,000
$1,150,000
$299,000
$7,736,000
$17,809,000
$1,086,000
$8,822,000
$832,000
$10,439,000
$12,417,000
$2,005,000
$13,428,000
$6,755,000
$2,712,000
$7,299,000
$36,000
$3,901,000
$879,000
$8,132,000

$6,628,000
$9,473,000
$233,000
$3,612,000
$5,268,000
$8,256,000
$1,390,000
$12,600,000
$25,332,000
$2,909,000
$753,000
$19,911,000
$45,876,000
$3,167,000
$22,583,000
$2,402,000
$21,465,000
$27,576,000
$5,088,000
$33,976,000
$18,301,000
$6,668,000
$21,168,000
$97,000
$9,396,000
$2,165,000
$17,390,000

$3,731,000
$5,377,000
$144,000
$2,197,000
$3,166,000
$5,587,000
$809,000
$7,717,000
$15,483,000
$1,713,000
$439,000
$12,183,000
$26,763,000
$1,711,000
$13,043,000
$1,349,000
$14,435,000
$18,144,000
$3,028,000
$20,193,000
$10,438,000
$3,958,000
$11,477,000
$49,000
$5,698,000
$1,301,000
$11,425,000

54

NJ
NM
NV
NY
OH
OK
OR
PA
RI
SC
SD
TN
TX
UT
VA
VT
WA
WI
WV
WY
US

353
2
1
303
190
37
5
169
83
125
1
69
93
27
239
49
4
1004
46
5
6170

$17,373,000
$67,000
$53,000
$15,186,000
$7,762,000
$1,333,000
$196,000
$7,322,000
$3,512,000
$4,447,000
$44,000
$2,908,000
$4,047,000
$1,002,000
$9,401,000
$1,893,000
$176,000
$37,655,000
$1,570,000
$169,000
$251,039,000

$39,544,000
$191,000
$125,000
$31,683,000
$20,719,000
$3,871,000
$459,000
$17,949,000
$7,901,000
$10,958,000
$107,000
$6,930,000
$11,238,000
$2,968,000
$22,549,000
$4,511,000
$485,000
$94,838,000
$3,976,000
$488,000
$615,170,000

$25,227,000
$108,000
$81,000
$22,135,000
$12,384,000
$2,088,000
$285,000
$10,885,000
$5,197,000
$6,565,000
$63,000
$4,281,000
$6,433,000
$1,585,000
$14,092,000
$2,852,000
$295,000
$56,759,000
$2,330,000
$264,000
$375,469,000

Table 18. Citations of TPO Reports with year and State.
Citation
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Haugen, D.E., 2013. Wisconsin timber industry--an assessment of
timber product output and use, 2008. Northern Research Station
116.
Haugen, D.E., Harsel, R., 2013. North Dakota timber industry: an
assessment of timber product output and use, 2009. Northern
Research Station 40.
Haugen, D.E., Michel, D.D., 2009. Iowa Timber Industry— An
Assessment of Timber Product Output and Use 66.
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